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Requirements

Off-axis angle: 1.0, 2.0, 2.5 degree ... off-axis beam

Depth: ~ 1,000 m (uniform overburden in all direction)

Underground cavern: 50 m (dia.) x 280 m (I) for underground research mo

dule (cylindrical shape)
Long term safe operation
Effective (economic) construction

Research module in good rock mass
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Geological Sheets

8=

Uz | MNEY wy W%gg‘?qg AN | HE ST MM §S .

FGZS )633 GGO@ GG13 TGG33 HGD3 HG13 HG23 HG33 IGQ\S

od Mokt =8 om oz Sz By HM UA N
FG22 ’FG32 GGo2 GG12 GG22 GG32 HG12 HG22 HG32 lGD2\

HY S8 ol oF (B9 NE F¥ ool 2¥ a2 Y
G31 GGO1 GGT1 GG21/GG3 Hem\HGn HG21 HG31 IG01 IG11

oy et 24
__(FG20 gFG30 GGOO &%.%gz%l t%ao H‘t's%'o H?S%‘\H%EOJF%?O

ol it SE 0K me,| ms 25 22| 9y’ B BY ﬁea
FFO5'0|?§15 FF25 i‘EG5 GFO05 G‘F15 GF25 GF35 HFOS HF15 HF25 HF35 IF05 IF15

2% M4 sjol ot Mot @y @ BW 22 H%‘# ofl ot S’ll%ﬂal
FFO® 7FF14 FF24 FF34 GF04 GF14 GF24 GF34‘-'HF04 HF14 HF24 HF34 IF04  IF14

as ¥3 L %ﬁal oM otE & o a9y
FF33 GF03 GFQB GF23 GF33 HF03 HF13 HF23 HF33 IFO3 n=13}

9 .
#32 G*FT;Z & & G”p%‘z bael dedd L) .?o? ¥ 2.5 deg. off axis

= (ga SN AR SNE MM PH PNE Yananuuener®
FF21 ‘FF31 GFO1 GF21 GF31.HFO1 HF12 HEZ2g mm..p 3

Ny oA an m  deweast M us N oA zsb
F30 GFOD GFJ_Q:}GM\GF:’O HFCO0 HF11 HF21_ HF31 IFO0 |F10/)

car B Il BB XA g H7 \EM 23 oy FEE
GE05 GE15 GE25 GE35_HE0S5 HF10 Hrzojnrao IE05 IE15 JE25

FE met IA A ol 2@ #Ax
GEO4 GET4 GE24 GE34 HEO) HE14 HE24 HE34 A [P \EL:

US A By ol BN HY NE. ST HY
GEQ3 GE13 GE23 GE33 HE03 HE13 HE23 t‘lﬁﬁl e "

&84
FF23
o
EF22

gment

“euas Ug oy wibaie gt W0 T 2y wofn
"snnmwnlnn o nfiEda G!mlsm! E32 HE02 HE12 HE22 HE32 |E02 rIETZ
Ags 9% 83 Y TN g mE ow o us B A
FE11 FE21 FE31.GE01 GE11 GE21 GE31 HE01 HE11 HE21 HE31 IEO IE11
(de, UF- 3% /5% a8 #=\ "2 A48 us spay/ L
fE10 FE20 'FE30 GEOD GE10 GE20 GE30 'H'EOD HE10 HE30 |EOD
Fet 55 % oN 3 z-~8%) A4
FD15 FD35 GD05 GD15 (GD25 935 HDOS HD1S HD25
%\ B8 N4 W | Ya=
& FD34 GEO4 D34 HD24
s T
F023 FD33
xn me

FDO2 fFp1 24022

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam
Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo

KIGAM



sy
L
af %
3
%\ KIGAM /&
Q7

Overview of General Geology

Throughout the country, mountains are not high, rarely exceeding 1,200
meters, but they are found almost everywhere. The terrain is rugged and
steep, and only near the west and southwest coasts are extensive flat allu
vial or diluvial plains and more subdued rolling hilly lands.

Korea consists largely of the Precambrian rocks, such as granite gneisses
and other metamorphic rocks. The Gyeongsang Supergroup is distribute
d across a wide area within the Gyeongsang-do province which is one of
the area of our concerns.

The Gyeongsang Supergroup is composed of the Sindong and Hwayang
groups and the Bulguksa Intrusives. The biotite granite intruded in the
Gyeongsang Supergroup is called Bulguksa Granite.

Hwayang Group widely distributed throughout the Gyeongsang-do prov
ince, consists of conglomerates, sandstone, shale, and volcanic rock such

as andesite, basalt, rhyolite, and tuff, especially in the upper part of the g
roup.
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Site Consideration Depth

Overburden: 1 km deep

Preferable site: mountain, mine, tunnel

Easy slope topography requires
- excavation of long access tunnel to satisty |
ndition

- construction of shaft and/or inclined shaft

too costly !
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Site Consideration

*  Guryongpo in Pohang (Gyeongbuk Province)
< 1,000 km
< 1.0° off, no mountains (sea level)

* Toham San in Gyeongju
1,000 km

1.0° off, ~ 500 m high mountains (National Park area
i M

Pointer 35°53'03:36°/N 129°25'331752 E ‘elev/ 322/m
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Geology

Geological map — Guryogpo/Yeonil Sheet

¢ <1 degree off-axis
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s Geological data and some detailed site in
available
high speed rail way construction
roadway construction

s 1:50,000 geological maps of these area: yn
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Description of Geology

GI GAE Sheet:

Southern marginal portion of the Taeb
ack Mountain Range;

includes the peaks of
Giryongsan (961m),
Bohyeonsan (1,124.4m),
Suseokbong (820m),
Chimgoksan (725m),
Unjusan (807m);

The area is underlain by Cretaceous se
dimentary, volcanic and plutonic rock
s- granite, granodiorite, andesite, rhyo
lite ...
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Other Sites

SHINSHEUNG Sheet:

Noryeong mountain range, many peaks attain heigh

of between 400-760m; Sinseon-bong(763m)

Gneiss, granite, sedimentary and volcanic rocks

MIRYANG Sheet

There are comparatively high peaks of

Togoksan(855m), Yomsubong(816m), Muchoksan
Hyangrobong(727m), Manosan(670m) etc.

Geology: Yuchon Group and Bulguksa Intrusive ro
-andesitic rocks (andesite, tuff), rhyolitic rocks (rhyolite;. tuf

Miryang andesite is distributed on a large scale.

Other Sheets
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Mine Site

Advantages of utilizing abandoned/closed mine

Reduce costs
Minimize environmental impacts
Minimize complaints from residents and
environmentalist
Easy to get approval and
to get support from local government
Easy to get information on geological conditions

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam KIGAM
Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo



Mines

Abandoned Mines
Province Coal mine Metal, Non-metal mine
A B C D A B C D
Gangwon-do 5 1 3 5 6 7 3
Gyeonggi-do 1 2 2
Chungbuk-do 4 4
Chungnam-do 8 3 1
Jeonnambuk-do 2 2
Gyeongbuk-do 1 1 4 1
Gyeongnam-do 1 1

* Possibility of utilization: A>B>C>D

(source: KIGAM report, 2004)

Useful ?

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam

Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo
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Abandoned Quarry near Miryang

tunnel

Location: Gyeongsangbuk-do Cheongde-gun
Rock type: Andesite quarry
Uni-axial compressive strength: 1,500 ~ 1,600 kgf/cm*

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam KIGAM 2
Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo
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Construction Tunnel & Cavern
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&
General procedure
* Preliminary data collection
- preliminary assessment
- preliminary geotechnical characterization Q system
Feedbackloop IOl
s——>0¢° Feasibility study LTI T e T T
- engineering classification of rock mass :_- ‘ﬁﬂ“ | P/" |l
- feasibility assessment of tunneling problems-& alter ﬂtfv il
* Detailed site characterization i i
0
. * Stability analyses
g

@° Final design and construction

Numerical study for cavern stability

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam KIGAM 2
Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo



v" State of in-situ stress
- orientation, magnitude, stress ratio ...
~ depth, geology, topography, lithology ...

v Mechanical properties of rock mass
- strength, E, nu ...

v’ Structural characteristics of rock mass
- rock joints: joint distribution, properties ...

v' Size and shape of cavern and tunnels

v'Arrangement of cavern and tunnels
- distance between caverns, orientation

v Groundwater conditions; Method and quality of excavation ...

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam
Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo
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Requirements _Long term stability

/0 Long-term geological stability:
Neotectonics, Volcanism, Seismicity
Uplift/Subsidence, Erosion effect

€ Preferred conditions for a deep geological structure:

- Homogeneous rock composition
- Simple geological structure
- Stable ground water composition

A\

N

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam
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Field test
VIEW
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% Hydraulic fracturing : 41 sites and 156 points for 0~300m depth

% Over-coring

% Linear fitting of stress trend : S, = 0.0277H, S

: 15 sites and 18 points for 100~900m depth

hav

=1.207 + 0.027H
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Orientation of In-situ Stress

Direction of max. horizontal stresses measured by hydraulic fracturing

j&ﬂ Mean S, Dir. T
5 For All Region| .
. 80°/33° | Region Measn];) T Depth (m)
ek D.
- Gyounggi-do 790 / 290 20~180
< 2| Gangwon-do 730 / 110 50~140
Chungbuk-do 113°/56° 20~240
Chungnam-do 93°/11° 25~75
Gyeongbuk-do 73°/16° 10~135
Gyeoungnam-do 72° [ 29° 10~290
Pusan Jeonbuk-do 49° / 20° 15~110
Jeonnam-do 110°/35° 30~95
C:heju AT All Regions 80°/33° 10~290
&0 E
3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam KIGAM 3
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Orientation of In-situ Stress
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<Stress distribution>
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<Neotectonic zones>
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| Korea ' | World .
Stress ratio, K= Sy, / Sy Stress ratio, K= Sy, / Sy
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.|

% Wide variation of K in shallow depth
3% Range of stress ratio : Korea - 30/H+ 0.4 <K< 300/H+ 1.0, (~ 900m)
World - 100/H + 0.3 < K < 1500/H + 0.5, (~ 3000m)
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Large underground caverns in

Korea

\Yangyang

Seoul @ Cheongpyeong
B® k1. K1k
Y-2 @ Gonjiam

P taek
'S Underground oil / L?(ngeong ae
storage cavern g . KfG AM
Underground LPG
storage cavern
O Underground food @Muju

storage cavern

Underground pumped
O S R - Sancheong @

storage plant Ulsan
Samrangjin O
I .
U-1 U-2.U-2(E)
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Pumped-Storage Plant

Discharge

Elevator 5

Main Access Tunnel
Surge Chamber

— e,

Transformer Vault

|
]
|
|
I
I
|
|
|
|
;
L H i t——
Powerplant Chamber
Breakers

storage cavern

@ Underground food
storage cavern

@ Underground pumped

~_

—\ Cheongpyeong| Samrangjin Muju Sancheong
Rock type Gneiss Tuff, Rhyolite |Granitic gneiss Gneiss
Cavern Depth (m) 350 150 260 250
Info
shape Mushroom Mushroom Mushroom egg
Size (m) 225x36x86 | 21.5x43x92 |23x49.5x116(25x49.5x116
Visitors Center

Construction period : ~ 6-7 yrs

8 : D OPyeongtack
Underground oil
O -1,L-2(E)
storage cavern KIGAM
Underground LPG

U-2,U-2(E)

KIGAM




Underground Oil Storage Cavern
o lieroutal IRAET
Underground LPG
storage cavern
@ Lo s o
¢ ;&:;‘_’g;‘:{::,"“mped A Smchemz @ s
mywagim‘-
C-Z7U-2(E)
U-2 U-1 U-2-1 U-2-2
Rock type Granodiorite | Andesite, Tuff | Granodiorite | Granodiorite
Cavern Depth (m) ~-60 ~-60 ~-60 ~-60
Info Size (m) 18 x 30 18 x 30 18 x 30 18 x 30
Length (m) 875 1,030 678 450

Uni-axial compressive strength: 1,500 ~ 2,000 kgf/cm~2  Construction period : ~ 4-8 yrs

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam
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Possible sites
- mountain area

- mines ?

Geological conditions

- favorable (expected)

- not much information for deep geological condition

- more detailed geotechnical characterization needed
to reduce potential risks for construction

Design and construction
- engineering problems

3rd International Workshop on a Far Detector in Korea for the J-PARC Neutrino Beam
Sep. 30— Oct. 01 2007, Univ. of Tokyo, Hongo
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Thank you for attention!

For more information, please contact:

Chang-Ha Ryu

PhD/Principal researcher

Geomechanics & Underground Structures Group

Geotechnical Engineering Division

Korea Institute of Geoscience and Mineral Resources (KIGAM)
30 Gajeong-dong, Yuseong-gu, Daejeon 305-350, KOREA

TEL: + 82-42-868-3236

FAX: +82-42-868-3416

e-mail: cryu@kigam.re.kr
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